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INTRODUCTION

This report presents the findings of a study which is part of the

Navy Shore Facilities Energy Research and Development Program. The

program is sponsored by the Naval Material Command, Energy and Natural
Resources Research and Development Office (MAT-08E) through the Naval
Facilities Engineering Command. The Civil Engineering Laboratory is the
lead laboratory for the program. The key strategies of the program are
energy conservation and alternative energy systems. This study relates
most closely to the first strategy, which involves eliminating inefficient
and wasteful use of energy and applying more energy-efficient systems.

Problem

Energy conservation in shore facilities can be approached by con-
sidering each facility as an energy-using system composed of several
subsystems, each of which is responsible for a portion of the total
system energy demand. The focal point of this study is the subsystem
comprising the structural form of the facility and its influence on
overall energy requirements. The extent to which the structural form
permits energy to enter or escape from a facility has a significant
effect on other subsystems such as heating, cooling, and lighting. The
basic problem addressed by this study is the identification and evalua-
tion of structural and architectural concepts which reduce energy require-
ments of facilities.

A frequently used approach to reducing heat loss or gain in buildings
is to reduce heat flow by insulating or by minimizing air infiltration
or exfiltration. These are effective and efficient strategies for
energy conservation, and they are discussed in a separate section of
this report. However, as energy costs rise and nonrenewable fuels
become scarce, many innovative concepts are being proposed for energy-
conserving structures. These systems must be evaluated with respect to
their merits as generic concepts and with respect to benefits obtainable
in specific applications. It is the intent of this study to describe
these concepts in sufficient qualitative and quantitative detail to
permit benefit versus cost evaluations for specific applications.

Scope

This study was confined to architectural and structural concepts
for reducing energy use in facilities. The evaluation of innovative
heating, ventilating, or air conditioning systems which are part of the
electrical and mechanical design of facilities is not discussed. Concepts
discussed here are basically passive systems which, at most, may require
occupants to perform a few manual operations or to turn on simple motors.
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Active solar energy systems which require collectors, circulating fluid,
or heat exchangers are specifically excluded because they could actually
form the basis of an entire separate study. Other concepts which exploit
similar thermodynamic principles as some systems described, but which
are more appropriately categorized as active systems may be mentioned
briefly, but their operation will not be discussed in detail.

Concepts which will be discussed are in various stages of develop-
ment at the time of this writing. A few ideas exist only in theory.
Others may have limited subscale or laboratory data to verify the basic
principles. Other concepts have been developed to the extent that
in-service experimental or demonstration facilities exist. Some of the
concepts in the commercial sector are just beginning to penetrate the
marketplace, while others are well established.

This report will discuss in qualitative terms and, where possible,
quantitative terms, the possible Navy applications and benefits of the
various concepts. Applications to specific Navy building categories and
potential benefits with regard to energy and life-cycle cost savings
will be discussed. Negative aspects will also be discussed to permit
rational evaluations of net benefits versus costs.

CONCEPTS

The various structural and architectural concepts that contribute
to low energy usage, hereinafter called low energy structures concepts,
can be categorized into four general groups. These groups are roughly
categorized by the principles on which the concepts are based. The
placemen . of a specific concept within a given group was based solely on
the author's judgment.

The general categories and the order in which they will be discussed
are earth-sheltered structures, thermal mass systems, passive solar
design, and exploitation of existing technology. Within each category
specific concepts will be discussed with respect to their benefits,
liabilities, and possible applications. Historical background, stage of
present development, and future prospects will be given wherever applicable.

Earth-Sheltered Structures

The concept of earth-sheltered structures may be innovative in
today's technology, but it is not new. A brief history of earth-covered
structures was compiled by Labs (Ref 1). Historical structures included
dwellings, churches, and entire towns.

Modern examples of earth-sheltered architecture encompass an even

broader range of facilities. Ethicon, the world's largest supplier of
surgical sutures, operates an underground manufacturing plant in San
Angelo, Tex. Lake Worth Junior High School in Ft. Worth, Tex., is only
one example of several underground schools; Terraset Elementary School
in Reston, Va., is another (Ref 2). The museum and supporting facilities

of the Jefferson National Expansion Memorial are located underground
beneath the legs of the Gateway Arch near the waterfront in St. Louis,
Mo. A two-level restaurant/nightclub with direct auto access was con-

structed in Italy. In Death Valley National Monument in California a
reverse osmosis water treatment plant has been placed underground to
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reduce visual impact and to reduce temperatures. These examples demon-
strate that earth-sheltering concepts can be used for a variety of
facility types.

Earth-sheltered structures can be categorized into three general
types: fully buried, partially buried, and bermed. Fully buried struc-
tures are those for which the only exposure to the surface is at entrance
passageways or shafts. The most common form of these facilities is a
tunnel entry into the side of a mountain, a mesa, or a bluff. A well-
known example of this form is the International Trade Center in Kansas City,
where a world trade zone, precision instrument manufacturer, and several
leased storage facilities are located. Partially buried structures are
those in which a significant portion of the structure, possibly including
the roof, is in direct contact with the earth but one or more sides are
exposed to the surface environment. Bermed structures are similar to
partially buried structures except that the main floor is located at the
surface and compacted earth is placed around the periphery.

Earth shelter in any of the above forms contributes to energy
efficiency primarily through reduction of transmission losses. This
effect is evident from the one-dimensional, steady-state heat trans-
mission equation for homogeneous materials (Ref 3)

Q= -KAa-!t (1)
w

where Q = rate of heat transfer

K = thermal conductivity

A = area through which heat flows

At = temperature difference between surfaces

w = distance through which heat flows

Placing soil or rock in contact with the exterior wall surface signifi-
cantly reduces the At across the wall. For portions of structures below
the ground level, the phenomenon is analogous to placing the structure
in a constant temperature reservoir. Data from the University of Minnesota
and Rutgers University have shown that, even at shallow depths, seasonal
and diurnal temperature fluctuations are very small, and these fluctuations

decrease at greater depths (Ref 4). Thus, in cold climates, where
winter design temperatures for exterior air may be on the order of O°F,
exterior design temperature for an earth-sheltered building would be on
the order of 50°F. The At would be 18°F rather than 681F. Similar
benefits accrue in the summer when ground temperatures are less than air
temperatures, and less cooling eniergy is necessary.

The year-round exterior dcsign temperature can be estimated as
being equal to the annual average air temperature. This approach is,
however, an oversimplification of the true behavior. Ground temperatures
are more appropriately functions of time of year, depth, and soil type.
The simplest equation that reasonably describes the function is (Ref 5):

3

* 7,-,--_ _ _ _ _ _ __ _ .;4



-. ~ 1/2

T T - A e T \5a cos{2 itt - toT(x,t) = m As 36

x (365) 1/2} (2)

where T = temperature of the ground at depth x
in feet on day t of the year.

T = mean annual ground temperaturem
A = annual temperature amplitude at the surface (x 0)

t time of year, in days.

t = phase constant, day of minimum surface temperature.o

a = thermal diffusivity of soil, in ft2/day.

The value of T may be estimated as 2 to 3'F above the average annual
air temperature and the value of the thermal diffusivity can be obtained
from the ASHRAE Applications Handbook (Ref 6). Equation 2 could be used

for a quasi-static analysis of heat flow from buried structures.
Heat flow from earth-sheltered structures is, however, a dynamic

phenomern. The effect is most evident in the analysis of partially
buried and bermed structures, where thermal conductivity and specific
heat of the soil mass must be considered.

Diurnal and seasonal temperature variations must be considered,
because measurements have shown that such an earth-structure system
tends to produce a temperature phase lag so that peak ground temperature
occurs when the air temperature is approaching a minimum and vice versa
(Ref 4). The analysis of these effects can be extremely complex and is
generally beyond the scope of the standard building thermal analysis
computer programs.

A further means by which earth-sheltered buildings reduce energy
requirements is by reducing infiltration and exfiltration heat losses.
By their very nature, earth-sheltered buildings must be well sealed to
prevent water and moisture intrusion from the surrounding soil or rock.
Generally, fewer windows and doors are available as sources of infil-
tration losses. Although the effect is difficult to quantify without
direct measurements on a given building, it is a positive benefit for
reducing heat loss. Lack of infiltration may, however, be a disadvantage,
because it may force a requirement for positive ventilation just to
satisfy respiratory requirements of the occupants (Ref 7).

Earth-sheltered structures provide several benefits which are not
related to energy conservation. They tend to have low maintenance costs
because little of the exterior surface is exposed to weather. Protection
against natural hazards such as tornados and earthquakes may be enhanced.
They also provide improved blast and fallout protection relative to
surface structures. These are all benefits which are provided without
additional expense.
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Negative aspects of earth-sheltered structures must also be con-
sidered. Their most frequently cited liability is the increased con-
struction costs. Structures must generally be of concrete or masonry,

and extreme care must be taken to insure waterproof and moisture-

resistant structures. Costs may be prohibitive where the water table is

near the ground surface. Situations may also arise where the facility
mission requirements are incompatible with earth-shelter concepts.
Aircraft control towers and patients' rooms in hospitals are two examples.
Earth-sheltered structures must be relatively strong to resist earth
pressure loads on the walls or roofs. Requirements for added strength
also increase initial costs. These liabilities must all be considered
relative to total life-cycle costs and overall energy savings.

The Navy has several facility types which are potential candidates

for buried or earth-sheltered concepts. A study of the suitability of
various facilities for subsurface siting identified administration
buildings, medical facilities, aircraft maintenance facilities, ammuni-
tion storage facilities, and miscellaneous storage facilities as prime
candidates (Ref 8). The selection criterion was minimum life-cycle
cost, but energy usage for surface and subsurface facilities was assumed
to be equal. If energy costs were properly included in the analysis,
several other facility types would probably also be cost effective.

Thermal Mass Concepts

Thermal mass is the property of a building system or material that
permits it to effectively store thermal energy. It is a function of
both the specific heat and the mass of a system. Systems with high

thermal mass absorb heat slowly and release heat slowly. This property
may be exploited to reduce peak heating and cooling requirements. In
cold weather, sunlight or waste heat may be stored in the thermal mass
system during the day, and the slow release of the heat during the
evening will reduce energy requirements for heating. In warm weather,
the heating of the thermal mass during the day reduces the cooling
requirements, and the absorbed heat is released in the evening when

ambient temperatures are lower.
Thermal mass phenomenology can bez exploited through several specific

concepts. The use of reinforced concrete and concrete masonry structures
is the simplest concept. The structural steel and interior elements
form the thermal mass of this system. Relatively high mass and moderate
specific heat of these materials combine to provide a beneficial thermo-
dynamic condition. Because of the relatively poor insulating properties

of these materials, the heat flow analysis must be conducted for dynamic
rather than steady-state conditions.

A simplified approach for considering the effects of thermal mass

in these systems is the use of the M factor (Ref 9). This factor was
developed by conducting a series of dynamic analyses of various wall
sections in several different climates. Heat flow was calculated for
walls with zero mass and for walls with the same insulation properties
but finite mass. The ratio of average heat flow for a finite mass wall

to a zero mass wall was defined as the M factor. Thus, the heat flow
through a given wall area, A, and temperature gradient, At, can be

expressed as:
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= M U A At (3)

where U is the thermal conductivity or the inverse of the insulation
resistance R. The M factor is a function of weight per unit area of the
wall and average heating degree-days for the locality considered.
Graphs for estimating the value of M are given in Reference 9. This
approach has been proposed as a simplified design method for considering
and designing thermal mass in structures.

The Brownell house demonstrates that high thermal mass may be
obtained without using masonry or concrete for the building envelope
(Ref 10). A section of this house is shown in Figure 1. The house
contains many energy-conserving features, but the two concepts which are
of primary interest to the present study are exterior insulation and a
massive central chimney. Exterior walls are of 6-inch by 6-inch posts
on 4-foot centers with 3/4-inch pine and 1/2-inch sheet rock exterior to
the posts and 4 inches of polyurethane insulation on the outside. The
posts and pine sheathing are exposed on the interior. Details are shown
in Figure 2. Placing insulation outside the structural wall insures
that most of the heat absorbed by the wall will be released to the
interior of the building, because the only path to the outside is through
the insulation. The central chimney which is almost completely contained
by the insulation envelope also stores large amounts of heat. It absorbs
heat from sunlight and room air and from combustion gases and smoke.

The Brownell house also utilizes active thermal storage by circu-
lating air through ducts embedded in a sand bed beneath the basement
floor. An analysis of the system indicated that the sand bed as con-
structed was inefficient. More ducts to provide greater interface
surface area or more mass, such as using concrete instead of sand, would
have improved the system.

Among the most efficient active thermal mass concepts is rock bed
storage. In this system, air passes directly through the voids in a
coarsely graded rock bed. It is simple, because no ducts are required.
It is efficient, because of the large surface-area-to-volume ratio.

Any further discussion of active thermal storage systems is beyond
the scope of the present study. Such a restriction limits the discussion
to what one report calls natural thermal storage (NTS) systems (Ref 11).
Benefits claimed for NTS are:

(1) reduced peak thermal loads

(2) improved performance of space heating equipment

(3) more efficient use of solar gains

(4) extended use of outdoor air for temperature conditioning

(5) potential for use of off-peak electric heating

(6) recovery of waste heat

The same report also identifies the trombe wall as one of the most
cost effective forms of NTS. A trombe wall is a relatively massive wall

consisting of reinforced concrete or masonry. It need not be a structural
element for the building, but, because of its inherent strength, it is
generally used as a shear or bearing wall. Material in the wall acts as
a repository for thermal energy storage. Benefits of this concept can
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best be exploited by placing the wall where direct sunlight can be used
as a source of heat input. This can be accomplished by using the wall
as a partition next to a heavily glazed exterior corridor on the south
side of a building. An interior trombe is somewhat less effective
because it must be heated by the conditioned air of the facility.
Interior trombe walls which contain furnace or fireplace flues can be
designed to salvage some otherwise wasted heat.

Various proprietary systems employ the trombe wall concept. Among
these are the bead wall and the water wall. In the former, the trombe
wall is placed in a position which receives maximum solar insolation
during the daytime. A glass panel is placed a few inches away from the
exterior face of the wall to increase the solar gain and to contain
small polystyrene beads. The beads are blown into the cavity to provide
insulation during hours when sunlight is not available, and vacuumed out
of the cavity when incoming solar energy is desired. In this manner,
absorbed heat is released only to the interior of the building. The
water wall is a nonstructural wall that houses containers of water. The
high thermal capacity of the water absorbs heat and stores it for release
at a later time.

All of the thermal mass concepts can be analyzed with current
state-of-the-art principles. Dynamic analyses are required because the
phenomenology exploits time variations of heat flow. The approach would
be to quantify the effective thermal capacity of the wall based on its
component materials. Parameters to be defined would he the effective
specific heat, thermal conductivity, and emissivity. This capability is
available or could be built into most existing energy analysis computer
programs. The M-factor approach described earlier would be an effective

design tool for considering the dynamic effects of thermal mass oil,
exterior walls.

The primary benefit of high thermal mass systems is the reduction
of total thermal energy requirements by storing heat that woulhi other-
wise be wasted. They provide a time lag that reduces the severnty of
thermal extremes in a manner similar to that observed in earth-sheltered
structures. It should be remembered that thermal mass systems are often
present in existing buildings and provide benefits which were ,ot con-
sidered at the time of construction. Concrete or masonry walls ind
interior fireplaces are typical examples. The benefits of such systems
can be obtained through simple design or construction modifications.

Negative aspects of high thermal mass systems should also be con-
sidered. As with most energy-conserving systems, the initial costs
would generally be higher than for lightweight construction. This is
especially the case when the conventional alternative would be light
wood frame construction. High thermal mass systems are generally char-
acterized by reinforced concrete or masonry construction. High mass
systems could further add to construction cost in regions of high seismic
risk. The additional mass and structural stiffness could increase
seismic loads and lead to requirements for stronger, more costly struc-
tures. A further disadvantage is that the concepts require moderate to
large diurnal or periodic temperature fluctuations. Thus, benefits of
the concept may not be significant in extreme arctic or tropical envi-
ronments.

7
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The Navy could exploit high thermal mass concepts in several ways.
Facilities which generally employ low mass structures could benefit from
natural thermal storage concepts. Family and troop housing are typical
examples. Increased costs of thermal mass systems might be offset by
reduced costs for insulation and life-cycle energy costs. Large office
or other administrative facilities which would normally employ moderately
heavy construction should be evaluated to determine the incremental
benefits of increased mass. For example, in reinforced concrete tilt-up
construction, a slight increase in wall thickness may not significantly
increase construction costs, but could prove extremely beneficial for
life-cycle energy savings. In any case, thermal mass effects should be
considered in any energy analysis, because benefits may accrue even
where they are not explicitly included in the design.

Passive Solar Designs

For the purposes of the present study, passive solar designs are
defined as those architectural or structural systems that use the sun to
provide heat and light without the use of additional energy input or
,mechanical devices to transform or distribute the energy. By contrast,
active solar concepts would be those which require collectors, concen-
trators, circulating pumps, heat exchangers, or photovoltaic elements to
utilize solar energy. Passive systems are thus more closely related to
the basic concept of low energy structures. That is, the form and
features of the building contribute to energy conservation. Active
solar systems are more appropriately studied in research directed toward
energy-conserving mechanical and electrical systems, and these systems
will not be discussed here.

Although some specific concepts and approaches will be discussed in
this section, passive solar design is more of a philosophy than a for-
malized methodology. It involves an awareness of the sun's position and
its potential to provide beneficial or detrimental energy input to a
building. The basic philosophy of passive solar design is to capture

and store the sun's energy during periods when the building requires
heat input and to capture the sun's light and exclude its heat during
periods when additional heat input is not desirable. An excellent
general discussion of this philosophy is contained in a book by
Edward Mazria (Ref 12). A few of the more specific concepts from that
source and others will be discussed here.

One of the most effective means of exploiting solar energy is
through beneficial siting and orientation of the building. In general,
buildings that are elongated along the east-west axis are more efficient

in using the sun's energy. By placing the major portion of the window
area on the south side of the building and very few windows on the
north, large amounts of thermal energy will be absorbed in the winter.
In the summertime, when the sun is at a relatively high angle, few
direct rays enter, but reflected light is available. This effect is
illustrated in Figure 3. Minimizing the north-facing windows also
reduces the heat loss. Thus, the designer who is aware of the benefits
and implications of the sun's position at various times of the day
throughout the year can properly exploit passive solar energy. Tables
giving these data are in Reference 12.
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Sites with deciduous trees on the south side also provide passive
solar benefits. In the summer, leaves on the trees provide shade to
reduce insolation, and in the winter, the lack of leaves permits direct
sunlight to impinge on the building. Where such sites are not available,

proper landscaping can achieve the same results.
Designs which incorporate a central enclosed atrium can also be

used to passively exploit solar energy. One concept which utilizes some
mechanical systems is the louvered-atrium concept (Ref 13). In this
concept, the structure is built with one or more glass-covered atriums.
The glass is protected by an assemblage of highly insulated movable
louvers. During the summer time, the louvers open toward the north to
admit indirect solar radiation for illumination. In the winter, the
louvers open to the south to admit direct radiation for heat and light.
During the evening or periods of cold, overcast weather, the louvers are
closed to reduce heat loss. The concept is illustrated in Figure 4.
Heated air from the atrium can be circulated through the building by
convection or mechanical ventilation. This concept permits a building
to receive a significant portion of its lighting and heating energy
directly from the sun.

A further concept that has applications to new and retrofit con-
struction is the attached greenhouse. This is an enclosure on the
south-facing side of the building with walls which are primarily glass
or clear plastic. The concept is the same as that used in horticultural
or agricultural greenhouses. Extensive glazing permits large amounts of
direct solar energy to heat the air within the enclosure. This heated
air can be used directly to contribute to the heating requirements of
the remainder of the building, or the heat can be absorbed by a thermal
wall for storage and future use. Reference 12 indicates that attached
greenhouses can distribute 10 to 30% of the total incident heat energy
to adjacent building areas. It goes on to say that the payback period
for greenhouses is on the order of 1 to 3 years. This estimate is
apparently based on residential construction, and part of the dollar
saving is assumed to be in reduced food bills as a result of growing
produce in the greenhouse. Payback periods for Navy or nonresidential
construction would be significantly longer.

Benefits of passive solar design can be significant, and their
benefit-to-cost ratios can be especially good for new construction. By
simply being aware of passive solar concepts, designers can make minor
changes in architecture, building orientation, or landscaping that would
have little impact on construction cost, but would contribute significantly
to the thermal performance of a building. Most of the concepts described
in this section can be evaluated with existing energy use computer
codes, and their beneficial effects can be quantified. The beauty of
passive solar design is that it uses a "free," renewable energy source.
Most specific concepts also employ other energy saving features such as
earth-sheltering and thermal mass systems to further enhance their
efficiency. A further benefit is that few mechanical systems are required.
Thus, high maintainability and reliability are expected to result from
suci, structures.

One of the limitations of passive solar design is that its appli-
cation is primarily beneficial for new construction. Modifying an
existing structure to provide more south-facing windows or a central
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atrium is generally not economically practical. The only concept that
is specifically applicable for retrofit is the attached greenhouse. A
second drawback is that all concepts require significant amounts of
glass area. Even double- and triple-glazed windows are poor insulators
relative to equivalent areas of solid wall, and these areas can lose
heat quite rapidly when the sun is not shining. This type of glazing is
also relatively expensive. The use of passive solar buildings also
impacts the planning process in that such structures require continued
access to sunlight throughout their useful life. Adjacent structures
cannot be constructed in such a way that they obstruct the path of the
sun's rays. Thus, a significant area of land could be encumbered by
restrictions on the size and height of facilities adjacent to a passive
solar building.

Potential specific Navy applications of passive solar design could
include family and troop housing and equipment maintenance facilities.
The primary source of energy use in residential facilities is heating
and lighting. If a significant portion of this energy demand could be
supplied by "free" solar energy, the Navy could achieve significant
savings in this area. Equipment maintenance facilities are generally
characterized by structures with relatively large floor areas and volumes.
Since these facilities require only moderate amounts of light and heat,
it may be possible to completely satisfy the energy demands through
passive solar design. Purchased energy would only be required for
limited applications such as night work or morning warmup in periods of
extreme weather. Applications of passive solar principles are possible
on nearly all categories of Navy buildings. The extent of the benefits
are dependent on facility type, location, and use, and alternative
designs employing these principles should be evaluated.

Exploitation of Existing Technology

Reductions in energy use of buildings does not necessarily require
new technology. Many concepts, materials, and construction practices
that are in common use can be exploited. In many cases, just the proper
execution of present practices can lead to measurable improvements in
energy usage. This section will discuss how existing technology and
simple extensions of that technology can be exploited to achieve more
energy-efficient structures.

The National Association of Home Builders Research Foundation has
incorporated many elements of existing technology into a demonstration
residence for the U.S. Department of Housing and Urban Development
(Ref 14). The residence is a nominal 1,200-ft 2 , 3-bedroom house with a
basement. Among the general energy conserving features are:

a. compact floor plan
b. vestibule entrance
c. 7-foot 6-inch ceiling heights
d. energy-efficient fireplace and appliances
e. various passive solar concepts
f. extensive insulation
g. extensive measures to reduce infiltration

10



Wood frame construction was used with 2 x 6s at 24 inches on center to
provide room for R-19 wall insulation. A 6-mil polyethylene vapor
barrier was placed inside the insulation throughout the house. This
continuous barrier significantly decreases infiltration of exterior air.
The design uses R-38 insulation above the ceiling, R-11 adjacent to
below grade basement walls, and R-19 on exposed exterior walls. Windows
are triple glazed. A typical wall section is shown in Figure 5. The
energy-efficient residence is expected to require 1/3 to 1/2 less energy
than an equivalent house which meets or exceeds current standard practice.

A second approach to exploiting existing technology is the super-
insulated building (Ref 15). Initial efforts for this approach are also
centered on residential construction. The premise is that relatively
large amounts of insulation and infiltration control can reduce energy
requirements for space heating and cooling to almost zero. Typical
superinsulated houses have R-values of 40 for walls, 60 for ceilings,
and 40 for floors. Large insulation value in exterior walls is achieved
by using double walls to provide sufficient space for insulation material.
Overall design generally includes attention to passive solar principles,
use of 6-mil polyethylene vapor barriers, and vestibules on exterior

doors. These houses also employ air-to-air heat exchangers which permit
stale, conditioned air which is leaving the house to transfer heat to or
from fresh, unconditioned air that is entering the house. By using this
active air exchange system, incoming fresh air is preconditioned to
reduce heating and cooling requirements. Some of the key construction
details are shown in Figure 6.

Economic benefits of superinsulated construction may vary greatly.
The severity of local climate, the extent and number of concepts imple-
mented, and the type and cost of energy sources are critical factors.
Initial costs can vary from I to 8% above conventional building costs,
and the payback period varies from 1-1/2 to 15 years depending on the
values of the critical factors. Thus, localized energy use and economic

analyses are needed to evaluate the economic benefits of such systems.
A relatively basic approach to exploiting existing technology to

achieve low energy structures is through energy conscious architecture
(Ref 16). Energy utilization in a structure should be considered in the
conceptual stages of design. Factors which impact the passive solar
performance such as orientation, fenestration, and exterior color should
be exploited wherever possible. In climates where thermal mass benefits
can be significant, the architectural concepts should favor masonry or
reinforced concrete structures over wood or metal frame construction.
Designers should keep their minds open to the option of using earth-
sheltered designs where geographical and functional conditions permit.
Designers should also be aware of the latest and most effective products
for insulating, sealing, and glazing buildings. By simply being aware
of the qualitative impact that design can have on the energy efficiency
of buildings, designers can make significant strides toward achieving

low energy structures.
Energy considerations need not dominate the design process. They

must be considered in their proper context. Energy conservation is only
one of several methods for reducing the total life cycle cost of a
building. Concepts for which a rational analysis with properly escalated
energy costs should not be implemented if they do not produce savings in
life-cycle costs. Functional and mission requirements of facilities
must also be considered.
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The primary benefit of exploiting current technology is the low
technical and economic risk. Extensive data are available on past
performance of the products and designs, and costs are easily predict-
able. Building contractors do not need new skills or equipment to
implement the concepts, so chances of construction errors are reduced.
Since the products and techniques are familiar to contractors, initial
costs may be lower. Bids may not be inflated by contingency factors. A
further benefit is that the technology is available now, and has in some
cases been available for many years. No development time or cost is
necessary to implement these concepts.

Limits do exist on the extent to which current technology can
improve the energy efficiency of Navy buildings. Significant savings
can be achieved in the short run, but these savings only represent a
reduction in the waste that has occurred due to poor design. Once the
waste has been eliminated, the need to achieve true savings remains.
Designers may become complacent and feel that current technology is
adequate. This attitude may lead to a resistance to change. Thus,
designers must exploit existing concepts to their limits, but they must
also be receptive to new concepts.

The Navy can exploit current technology for energy conservation in
virtually all of its shore facilities. The first step that was taken in
this direction was the publication of interim design criteria for energy
conservation (Ref 17 and 18). These publications describe commercially
available equipment and systems which can be implemented to improve the
energy efficiency of new and existing buildings. They also specify
general criteria for energy conscious design. Publications such as
these will help to make architects and engineers more aware of concepts
for improved low energy structures.

SUMMARY

This report has discussed various concepts for energy conservation
in Navy shore facilities which can be achieved through architectural and
structural design decisions. These concepts include earth-sheltered
structures, thermal mass concepts, passive solar designs, and exploita-
tation of existing technology. Advantages and disadvantages of the
systems were discussed in qualitative terms. Where possible, specific
data and equations were presented to show how the benefits could be
evaluated for specific designs. Sufficient information is available
here and in the references to permit a designer to evaluate any of the
concepts for applicability to a specific design case.

Future efforts for this project will be directed toward maintaining
contacts with researchers and builders of low-energy structures and
toward evaluating the performance of energy-conserving concepts imple-
mented by NAVFAC. Among the latter is a partially bermed dental clinic
which was recently completed at Naval Air Station, North Island, San Diego,
and the planned MESO Environmental Quadraplex family housing units at

the Marine Corps Air Station, Fallon, Nev.
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O('EANAV Mangmt Info D~i%.. Arlington V'A
()CEANSYSLANT LI A.R. Giancola. Norfolk VA
ONR Central Regional Office. Boston. MA: (Code 221. Arlington VA: ('ode 481. Ba'. St, L~ouis.. NIS: Code 7l9)F

Arlington VA: (Scientific LDir) Pasadena. (CA
PACMISRANFAC ('0. Kekaha III
PIIIBCB I P&E, Coronado. CA
PNITC Code 3331 (S. Opatow-skv.) Point Mugu. (CA: Code 4253-3. Point Mugu, CA: Patt. (Counsel, Point Mugu

CA
PWC (1-t E.S. Agonoy) Pensacola. Ft.: ACE Office l1.TJG St. Giermain) Norlolk VA: C'( Norfolk. VA: (0.

(Code 1ll). Oakland. CA: CO, Gireat Lakes IL-. Code M,1 Great Lakes. II.: Code 1111. Oakland. ('Ai ('ode
120,. Oakland CA; (Code 120lC. (Librarv) San Diceo. (CA: ('ode (28. Guani: ('ode (54. Great Lakes. IL1
C'ode 2M~. Great Lakes IL: C'ode 2MX. Guam: ('ode 1015 Oakland. C'A: Code 2241.1. Norfolk V'A: ('ode 31(C.
San Diego. CA: Code 4MK. Great Lakes. II.: (Code 41M1). Oakland. ('A: ('ode 4(X). Pearl Harbor. ill: (Code
4M)1. San Diego. (CA: (Code 42(0. Great Lakes. IL:. Code 4210. Oakland. (A:' Utl Dept (R Pascua) Pearl
Harbor. HI: (Code 505SA (ft Wheeler): ('ode 6MoN. Gtreat Lalkes. If.: ('ode N11I. Oakland. (A: ('ode (it). San
Diego ('a: ('ode 7(g). Great Lakes. IL. lLlJG I. L. MeClaine. Yokosuka. Japan: I.'tiliis OfIficer. (Guanm

SPCC PWO (Code 1201) Mechanicsburg PA
TRIREFFAC SCE Bremerton. WA
TVA Smelser. Knoxville. 'Tenn.
U.S. MERCH-ANT MARINE AC'ADEMY Kings Point. NY (Reprint C'ustodian)
IIS DEPT OF C'OMMERCE NOAA. Pacific Marine ('enter. Seattle WA
U'S DEPT OF INTERIOR Bur of Land Mngmnt ('ode 583 IT F Sulli'.anf Washinton. DC
LIS GEOLOGICAL SURVEY Off. Marine Gcologv. Piteleki. Restoin V'A
USCG G-MMT-4/82 0I Spencer)
USAF REGIONAL HOSPITrAL Fairchild AFB. WA
USAF SCHOOL OF AEROSPACE MEDICINE hlyperbaric Medicine Di%.. Brooks AFB,. IX
UJSCG, G-E('V (C E Smith) Washington. DC': (Smith). Washington. DC(: (i'EOF'4 (I D~ow.d). %%ashintin. DC('

Gi E (TP-62) (RADM Thompson) Washington. DC
US(CG R&D ('ENTrER 'C) Giroton. CT: D). Motherwas'. Giroton (1:; 'lech. D~ir. (iroton. C"T
USDA Forest Products Lab. Madison WI: Forest Service. Bowers. Atlanta. GA: Forest Service. San flinm1. ('A
USNA C'h. Mech. Engr. Dept Annapolis Nil): (Civil Engr Dept (R. Erchvl) AnnaIpolis MDl: Energv-Fnuron

Studv Grp, Annapolis. MD: Engr. Div. (C. Wu) Annaplolis MD: Environ. Prot. R&D Prog. 0i. Iti Iliam%).
Annapolis MD-. Ocean Sw'.. Eng Dept )lDr. Monncv) Annapolis. MD): PWD Engr. Di'.. (C. Bradford)
Annapolis MD; PWO Annapolis MD

AMERICAN C'ONC'RETrE INSTITU'TE Detroit MI (Library)
AMERICAN UNIVERSITrY Washington DC (M. Norton)
ARIZONA State Energy Programs. Off.. Phoenix AZ
BONNEVILLE POWER ADMIN Portland OR (Energy C'onsrv. Off., D. Davev)
BROOKH-AVEN NATL LAB M. Steinberg. Upton NY
C'ALIFORNIA INST'ITIUTE OF TEC'IINOLOGY Pasadena ('A (Keck Ref. Rm)
CALIFORNIA STATE UNIVERSITrY LONG BEACH. CA ICIIELAPAI)
('OIUMBIA-PRESBYTERIAN MED. ('ENTER New York, NY
CORNELL UNIVERSITY Ithaca NY (Serials Dept. Engr L~ib. I
DAMES & MOORE IABRARY LOS ANGEL.ES. CA
DUKE UNIV MEDICAL C'ENTER B. Muga. Durham NC
FLOCRIDA ATLANTIC UNIVERSITY Boca Raton. FL (McAllister)
FORES'T INST. FOR OC'EAN & MOUNTAIN ('arson ('ity NV (Studies .Librar%(

FUEL. & ENERG;Y OFFICE C'HARLESTON. WV
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GEO RG IiA INSHIII OF TECHIIN(OLO GY (I W Johnson I Atlanta. GeV Atlanta 6 A ( School if Civ il
Engr.. Kahn)

HIAWAII S lAlE 1)11' 01F PLAN. & ECON I)EV. fhonolulu III (Tech Into (ir)
WOODS HOLE OCEANOGiRAPIIIC INSI". Woods Hlole MA lWinget)

KEENE SIAFE COLLEGE Keene Nil (Cunningham)GElCNIA lA.R(IRDIBthhm

P Friti Engr. Lah No. 13. Beedle): Bethlehem I'A (Linderman Lib. No.31. Ficckstcincr)
MIAINE OFFICE OF ENERGY RESOURCES Augusta, ME'
MI('IIIGAN TECHNOLOGICAL UNIVERSITY Hloughton. MI (hlaas)
MISSOURI ENERGY AGENCY Jefferson C'it.% MO(
Nil Cambridge MA: Cambridge MIA (Rm 10-5(M, TFech. Reports. Engr. Lib.): Cambridge MA (Whitnian)L

Cambridge. MIA (Hlarecman)
MONTANA ENERGY OFFICE Anderson. [(elenia. NIl
NATI. ACADEMY OF ENG. ALEXANDRIA. VA (SEARLE:. JR.)
NEW HAMPSHfIRE Concord NIlI (CGovernor s Council on Encrgs' )
NEW MEXICO SOLAR ENERGY INST. Dr. Zwibcl Las (ruccs NM
NY CITY COMMNIT~Y COLLEGE BROOKLYN. NY (LIBRARY)
NYS ENERGY OFFICE Library. Albany NY
OREGON STATE UNIVERSITY CORVALLIS. OR ICE D11P1. HlICKS)
PENNSYLVANIA STATE UNIVERSITY State College ['A (Applied Rseh [-lb): UNIVERSITY PARK. PA

(GOTOLSKIlt
POLLUTION ABATEMENT ASSOC. Graham
PURDUE UNIVERSITY Lafayette IN I Leonards) lafawete. IN ) Altschaefll I:Latasectte. IN ((1: Engr. Lib)
CONNEC-TICUT Hartford CT (Dept of Plan. & Encrk! Polics)

SAN D)IEGiO STATE UNIV. Dr. Krishnamoorth.\. San IDicgo C,%
SCRIPPS INSTITUTE OF CEANOGiRAPIIY LA JOllA. CA (AD)AMS). San D~iego. (CA (Marina Phy. Lab.

Spiess)
SEATTILE U Prof Schwaegler Seattle WkA
SOUTHWEST RSCH INST King. San Antonio. IX. R. IDeIlart. San Antonio TX
STANFORD UNIVERSITY Stanford CA (Gene)
STATE UNIV. OF NEW YORK Buffalo. NY: Fort SchU -vier. NY (longoblardi I
TEXAS A&M UNIVERSITY College Station TX ICE Decpt. lcrbich): W.B. Ledhetter College Station. TX
UNIVERSITY OF CALIFORNIA BERKELEY. CA ICE DEPT. CiERWICKI: Berkeley CA (Dept of Naval

Arch.): Berkeley CA (R. Williamson): DAVIS, CA (CE DEPT. TAYLOR): Energy Engineer. Davis C'A:
LIVERMORE. CA (LAWRENCE LIVERMORE LAB. IC)KARZI: La Jolla (CA (Acq. D~ept. Lill. C-tl75A):
A-0131 (Storms) La Jolla. (CA

LUN IVrERSITY OF DELAWARE Newark. DLE (Dept of Civil Eingincering. C'hessuin)
I %IVLRSII Y OF HAWAII HONO)LULUt. III (SCIENCE AND TECH. DIV.): Honolulu III (D~r. Slilard)
UNIVERSITY OF ILLINOIS Metz Ref Rm. Urbana IL: URBANA. IL. (LIB1RARY): URBANA. IL

)NEWMARK): Urbana 11. )C'E Dept. W. Ganiblel
U NIVERSITY OF MA.SSACHUSETTS (Heronenius). ME D~ept. Aniherst. NMA
I NIVERSITY f)F MICIGAN Ann Arbor Nil (Richart)
('NIVERSIIY OF NEBRASKA-I.INCOLN Lincoln. NE (Ross lee Shelf Proj.)
UNIVERSITY OF NEW MEXICOC J Nielson-Eigr Matls & Civil Sys D~i\. Alb~uquerque NNI
I NIVERSH Y OF NOTRE D)AME Katona. Notre Dame. IN
UN IIVERSITFY OF RHODE ISLAND Narragansett RI (Pell Marine Sci. Lll.)I
U'NIVERSITY OF lEXAS Inst. Marine Sci (ILibrarv). Port Arkansas TX
UNIVERSIr1Y OF .EXAS AT AUSTIN AUSTIN. TX (TIIOMPSON): Austin. I'X (B~reen)
UNIVF.RSIlI Y OF WASIIING-ION (FI1T-10. D. Carlson) Seattle. WA: Dept oif Civil Engr I Dr Nlattiick I.

Seattle \\A: SEAliLE-. W~A (APPL.IED PHYSICS LAB): SEAlILF. WA (MERCIIANI)l: SFAITLEF.
WA (OCEAN ENOi RSC'II I AB. GiRAY): Seattle WA IE. linger): Seattle. WA Iraiisportatiiin.
Construction & Gcom. Div

UNIVERSITY OF WISCONSIN Milwaukee WI (Ctr of Great Lakes Studies)
VIRGINIA INST. OF MARINE SCI. Gloucester Point VA (library)
ALFRED A. YEE & ASSOC. L~ibrarian, Hionolulu. III
AMETEK Offhore Res. & Engr Div
ARCAIR CO. D). Young. Laneastcr Oil

ARVID GRANT OLYMPIA. WA
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AT LANTIC RICHIFIELD) (CO. D)ALLAS. I'X (SMITH)
BAGGS ASSOC. Beaufort. SC
BECHTEL CORP. SAN FRANC'ISCO. ('A (PHIELPS)
BETHLEHEM STEEL (CO. Dismuke. Bethechcr. PA
BOUW KAMP INC Berkeley
BRITISH EMBASSY M A Wilkins (Sci & Tech Dept) Washington, D)C
BROWN & CALDWELL E M Saunders Walnjut (Creek. ('A
BROWN & ROOT Houston TX (D. Ward)
(CHEMED CORP Lake Zurich IL (Dearborn ('hem. Di%.Li.h
CHEVRON OIL FIELD RESEARCH ('0. LA HABRA. ('A (BROOKS)
COLUMBIA GULF TRANSMISSION ('0. HIOUISTON. TX (ENG. LIB.)
C'ONC'RETE TECHNOLOGY C'ORP. TIA(OMA. WA (ANDERSON)
CONRAD ASSOC'. Van Nuvs ('A (A. Luisoni)
DESIGN SERVICES Beck. Ventura. ('A
DILLINGHAM PRECAST F. Meliale. Honolulu III
DIXIE DIVING ('ENTER Decatur. CGA
DURLACH. O'NEAL. JENKINS & ASSOC. Columbia SC
EVALUATION ASSOC'. INC KING OF PRUSSIA. PA (FEDEILI[:
EXXON PRODUCTION RESEARCH ('0 Houston Tx (A. Butler .Jr)

II FORD. BACON & DAVIS, INC. New% York (Librar l
GLIDDEN ('0. STRONGSVILLE. OHI (RS('FI LIB)
GRUMMAN AEROSPACE C'ORP. Bethpagav NY (Tech. Into. (tO)
HUt.GHES AIRCRAFT Culver C'itv ('A (Tlech. Doc. ('tr)
JAMES ('0. R. Girdlcy. Orlando FL-
L-AMONTF-DOFI[ERTrY GEOLO~iIC'AL OBSERVATORY I Selvsn Palisadcs. NY
LOC'KHEED MISSILES & SPAC'E (C0. INC. L. IFrinible, Stnnyvalc C'A: D~ept 57-22 IR. nesicz? Sunns.%%le.

('A: Sunnyvale, ('A (K.L. Krug)
MARATHON OIL ('0 Houston TX
MATRE(C)N Oakland. CA (Haxo)
M('DC)NNEL AIR('RAFF (C). (Fayman) Support Tech Dept St. Louis. MO)
MEDERMOTT & ('0. Diving Division. Harvey, LA
MIDLAND-ROSS C'ORP. TOLEDO. OHl (RINKER)
MOBIL PIPE LINE CO. DALLAS. TX MGR OF ENGR (NOACK)
MOFFAfT & NICHOL ENGINEERS (R. Palmer) tong Beach. CA
MUESER. RUTLEDGE, WENTWORTH AND JOHNSTON New% York (Richards)
NEWPORT NEWS SFIIPBLDG & DRYDC)CK CC). Newport News VA (Tech. Lib.)
CEAN RESO)UR(CE ENG. INC. HOUSTON, T~X (ANDERSON)

PAC'IFI(C MARINE TEC'HNCOLOGY (M. Wagner) Duv all. WA
PORTLAND C'EMENT ASSOC. SKCOKIE. IL (CORLEY-. SKOKIE. IL IK-IEG;ER): Skokie IL- lksch & Dcv

Lab. Lib.)
PRESCON CORP TOWSO)N. MD (KELILER)
RAND C'ORP. Santa Monica ('A (A. ILaupa)
RAYMOND INTERNATIONAL INC. E ('olle Soil Tech Dept, Pennsauken. NJ
SANDIA LABORATORIES Albuquerque. NM lVortman): L~ibrary Di%.. Livermore CA
S('HUPACK ASSOC SC). NORWALK. CI (SCIIUPACK)
SEAFOOD LABORATORY MOREHIEAD CITlY. NC (LIBRARY)
SEATECH ('ORP. MIAMI. Fl. IPERC)NI)
SHELL DEVELCOPMENTI (C). Houston TX (C. Sellars Jr.); Houston TX (E. D~oyle)
SHELL OIL (C). HOUSTON. TFX (MARSHALL); Houston TX (R. de ('astongrene)
TEXTRON INC BUFFALO. NY iRESEARCII ('ENTER IlB.)
TIRW SYSTEMS ('LEVELAND. OH (EN6i. LIB.): REDO)NDCO BEACH. ('A IDAI)
UNITED TEC'HNOLOGIES Windsor Locks CT (Hiamilton Std IDiv.. Library)
WARD. WOLSTENHOLD A RCHITEC'1S Sacramento. ('A
WESTrINGHO)USE ELECTRIC C'ORP. Annapolis MD (Oceanic Div I.ib. Bryan): Library. Pittsburgh PA
WISS. JANNEY. EI.SrNER. & ASSC Noirthbrook. IL (D.W. Pfeifer)
WM C'LAPP [ABS -BATTELLE DUXBURY. MA (LIBRARY)
Al- SMOC)TS Los Angeles. CA
BRAHIZ L~a Jolla. C A
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BROWN. ROBERT University, At,
BULLOCK La Canada
ERVIN, DOUG Belmont, (A
F. HEUIZE Alamo. CA
KETRON. BOB Ft Worth, TX
KRUZIC. T.P. Silver Spring, MI)
LAYTON Redmond. WA
CAPT MURPHY Sunnyvale. (CA
R.F. BESIER Old Saybrook CT
T.W. MERMEL Washington DC
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